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NIGHT-TIME ORAL INSULIN THERAPY 



FIELD OF THE INVENTION 

tWe amount to the Moods**™. This invention toner retates to oraI adminis ^ on * 

btZTT "T inS " Mn Sn S »-»— *r — « — to the 

uoodaheam for _ of diabMes This ^ ^ 

prepare,™ of a composition comprising insuUn for oral admiration. 

W>2, The presen, invention former reiafca to methods for reducing adverse eflects on the 

rela.es fo methods ma, reduee me incidence of diseases associated with systemic 
h^aunnemia. Thepreaen. invention is aiso direcmd ,o ora, pharmaceutic* doaage forma 

BACKGROUND OF THE INVENTION 
.0003, Proteins, carhohydratea and * bioiogica, moiecmes ^ioiogica, macromCecmea") 
am^mcreaamgnaeinnmnydiverseamaaofacienceandtechnoiogy. Forexampie 

pmdncta. Unforhmafchy, the nae of bioiogical macromoleenles aa active agenta in 

p?™l:Tr? nsfa ^^^ 

parage to the focauon where me active agent ia quired. Such batriers incInde ^ 
b.-.aye ra , mucosa! membranes, aevere pH conditio and digestive enzyme*. ' 

oZL ^ ^ " ' S 4 *** ™* of admim^Hou, beeauae 

of safety and convenience ^derations and because om, debvery rephcates the physilT 
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mode of insulin delivery. In addition, oral delivery provides for more accurate dosing than 
multidose vials and can minimize or eliminate the discomfort that often attends repeated ' 
hypodermic injections. 

[0005] There are many obstacles to successful oral delivery of biological macromolecules. For 
example, biological macromolecules are large and are amphipathic in nature. More importantly, 
the active conformation of many biological macromolecules may be sensitive to a variety of 
environmental factors, such as temperature, oxidizing agents, pH, freezing, shaking and shear 
stress. In planning oral delivery systems comprising biological macromolecules as an active 
agent for drug development, these complex structural and stability factors must be considered. 

[0006] In addition, in general, for medical and therapeutic applications, where a biological 
macromolecule is being administered to a patient and is expected to perform its natural biological 
function, delivery vehicles must be able to release active molecules, at a rate that is consistent 
with the needs of the particular patient or the disease process. 

[0007] One specific biological macromolecule, the hormone insulin, contributes to the normal 
regulation of blood glucose levels through its release by the pancreas, more specifically by the 8- 
cells of a major type of pancreatic tissue (the islets of Langerhans). Insulin secretion is a 
regulated process which, in normal subjects, provides stable concentrations of glucose in blood 
during both fasting and feeding. Diabetes is a disease state in which the pancreas does not 
release insulin at levels capable of controlling glucose levels. Diabetes is classified into two 
types. The first type is diabetes that is insulin dependent and usually appears in young people. 
The islet cells of the pancreas stop producing insulin mainly due to autoimmune destruction and 
the patient must inject himself with the missing hormone. These Type 1 diabetic patients are the 
minority of total diabetic patients (up to 10% of the entire diabetic population). The second type 
of diabetes (type 2) is non-insulin dependent diabetes, which is caused by a combination of 
insulin resistance and insufficient insulin secretion. This is the most common type of diabetes in 
the Western world. Close to 8% of the adult population of various countries around the world, 
including the United States, have Type 2-diabetes, and about 30% of these patients will need to 
use insulin at some point during their life span due to secondary pancreas exhaustion. 
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T ' " .997. Ho^,^^^^^^^^ 

substanhaUy many deems te «, uMmately ^ other ^ ^ w 

■hsease. Cogens — ta. from diabetes are a major oause of morbidUy ta ^ „„„ 
For example, drabeoe re.inopa.hy is to leading rause of blindnKs fc ^ ^ 
years, «d d,abe.ic kidney disease accounts fcr 40% of a,, new eases of end- st age rena. disease 
Dmbetes ,s A. leading eanse for ampuMioo of tabs in the United States. Hear, disease and 
strokes occur two to fonr umes mo re ire^nentiy in adulte wi«h diabetes man in adu« non- 
*^>^^^p»ble ms durin g p I eg M ney,a^ fll ,^ ofc< ^ 
nudfbrmations ean be five times higher in the ehildren of women with diabetes. 

[00091 The main eanse of mortality with Diabetes Me.htus is ,ong term mie^ and macro- 
vascular d K ease. Cardiovaaemar disease is response for up to 8 0% of the deaths of Type n 
***>P-~ See, fo, example, B#*„ <11-4tail(J(- 
^<^-*«*-Ai«.Il(l WftM-r4 . <w ^ 
a 99% Sowem,^A AttraJfe ^, 617 . 2I (]998); Khaw, K.T. etat.,Bm/ 322, 15-8(200.) 
D-ab^es have a two- to tbur-fold inerease in the risk of co ro „ary artery diseaae, et,ua. mL of 

P^enuwhohaveanrvivedash.keormyoearmalinftretio, See, for example, Haflher e, a, „ 

Sowers, ^„™ m , „„, Ms ~* 

nsk of eoronary artery disease combined with « tacrease in hypertensive cardiomyopathy 

12 (2000), Shmdler, D. M. e,a,.,A m J CardM 77, ,017-20 (1996). These vasenlar 
eompheations lead ,o neuropathies, rehnopamies and peripheral vasen.ar disease. See 
Knprehnacovet^ ^M^^u^^ There is anchor diabetes 
ueatments that wi„ decrease me prevalenee of such vaster disease in diabetes patient. 

[0010, The henefieia, effects of tight g,yeemie control on me chronic eompheations of diabetes 

7.7,^1^^ H °~ 1 ^«*«'— ^.yes^shed 
D 1 ^ leVdS dh ""— ° f complicarions of diabetes. Tbe 

Dtabetes Comro. and Complicates Trial (DCCTJ and me United Kingdom Prospective 
Dtabetes Study (X1KPDS) b0 m showed ma. comro, of blood g,„eose a. l.ve b as close to normal 
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as possible prevents and retards development of diabetic retinopathy, nephropathy, neuropathy 
and micovascular disease. Drug therapy of diabetes type H has consisted of oral antidiabetic 
agents and insulin if and when the oral agents fail. Insulin therapy in type I diabetes is essential 
and u mtended to replace the absent endogenous insulin with an exogenous insulin supply 
Because insulin is a protein drug (MW approx. 6000 Da) that is not absorbed in the 
gastrointestinal tract, it ordinarily requires parenteral administration such as by subcutaneous 
injection. 

[0011] The problem of providing bioavailable unmodified human insulin, in a useful form to 
the ever mcreasing population of diabetics has occupied physicians and scientists for almosUOO 
years. Many attempts have been made to solve some of the problems of stability and biological 
dehvery of this small protein. Most diabetic patients self-administer insulin by daily 
subcutaneous injections. However, the limitations of multiple daily injections, such as 
inconvenience, poor patient acceptability, compliance and the difficulty of matching postprandial 
insulin availability to postprandial requirements, are some of the better known shortcomings of 
insulin therapy. 

[«012| Despite studies demonstrating the beneficial effects of Ugh. glycemic control on chronic 
complications of diabetes, eUnieians are not particularly keen on aggressive insulin therapy 
particular* in me early stages of the disease, and this is widely accepted in clinical practice' Tbe 
unmet challenge of achieving tight g,ycemic control is due, in part, to the shortcomings of the 
available subcutaneous route of insulin administration and the fear of hypog I ycemia. In addition 
to thepracucal limitations of multiple daiiy injections discussed above, the shortcomings of the 
commonly available subcutaneous rente of insulin administration have resulted in me generally 
■"adequate glycine con.ro. associated with many of the chronic congestions associated with 
diabetes. Hevated systemic levels of insulin lead to increased glucose uptake, glycogen 
synthesis, g.yciysis, fatiy acid synthesis and triscy.gJyc.rol s^ihesis, leadmg to the expression 
of key genes that result in greater utilization of glucose. 

[0013] In the field of msulin delivery, where multiple repeated administrations are required on 
a dad, basis throughout the pafienfs life, i, would be desirable to create compositions of insulin 
that mamtain protein tertiary structure so as not to alter physiological clinical activity and 
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stability and do not require injections. It would also be desirable to provide expositions of 
insula, that could be orally administrate, e.g., absorbed from the gastrointestinal tract in 
adequate concentrations, such that insulin is bioavailable and bioactive after oral administration 
Oral absorption allows delivery directly to the portal circulation. 

[0014] A method of providing insulin without the need for injections has been a goal in drug 

delivery. Insulin absorption in the gastrointestinal tract is prevented by its large size and 

enzymatic degradation. It would be desirable to create an oral pharmaceutical formulation of a 

drug such as insulin (which is not normally orally administrable due to, e.g., insufficient 

absorption from the gastrointestinal tract), which formulation would provide sufficient 

absorption and pharmacokinetic/pharmacodynamic properties to provide the desired therapeutic 
effect. 

(0015) Insulin exemplifies the problems confronted i„ fte art in designing an effective end 
drug delivery system bioiogical n^^oieonies. l,,e n,edieinai pn.perttea of insuiin can be 
readilyaltered using any number of techniques, but its physicochemical properties arrf 
susceptibility ,o enzymatic digestion have precluded the design of a commercially viable oral or 
alternate delivery system. 

SUMMAR V OF THF. I1VVENTION 

[0016] It is one object of the present invention to provide useful oral pharmaceutical 
formulations of drugs that are not considered orally administrable due, e.g., to insufficient 
absorpfon of the drugs from the gastrointestinal tract, which formulations are thempeutically 
effective. J 

[0017] It is a further object of the present invention to provide useful pharmaceutical 
formulahons of insulin for oral administration which are therapeutically effective. 

10018] It is a further object of the present invention to provide delivery agents that may be 
orally administered together withadrug that is not considered orally administrable due to e g 
^sufficient absorption of the drug from the gastrointestina, tract, so that the drug is absorbed in 
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insulin. 



10019] It is an object of the present invention to provide compositions comprising a delivery 
agent and insulin for oral administration. 

10020, Bi8 m ^ of , he presen , (o ^ 

msmm for orai administi-ation that facilitates insmin transport in a foerapeuticajly effective 
amount to the bloodstream for the treatment of diabetes, for the treatment of impaired gfocose 
tolerance, for me pnrpose of achieving glucose homeostasis, for me treatment of early stage 
patients!" Iteatment of late stage diabetes, and/or to serve as replacement for type I diabetic 

100*1 k is an object of foe presen, invention to provide meftods for foe preparation ofa 
companion comprising insnta and deliver agent for ora, administration, which ream, in an 
orally administrate unit dose that provides a desired therapeutic effect. 

10022, *b~<^<n. r -m* maim1l , rmU . mM ^ wmllwtltamht 
man amount foa. facilim.es foe preparation of an ora. mri. doaage form of a drng foa, is no. 
c^nstdered omlly admimstiabte by taelf due * poor absorption, etc., and resnhs in an oraUy 
admnnsttable unit dose font provides a desired foerapeuiic effect. 

T0023J It is a former objec of foe invention .o provide a mefood and a pharmaceutical 
formnlation which can rednc* aystemic blood insulin conations while providing 
foerapeutically effective treahnent ofdiabe.es. 

(0024, It is a forther objec, of foe invention fo provide a method for prophy.aotica.ly sparing 
beta eeU function in a mamma, which has impaired glucose toterance or eariy stage diabetes. 

10025, Bis aforfoerebjec. of foe invention to provide a mefood forpreventing beta cel. deafo 
or dysfonction m a mammal which has impaired glucose tolerant or early stage diabetes. 
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(.02.J It U , .further object of the invention ft, pmvide a memod for lo ng term pmtecuon of a 

W »-^*jec.oftt,e fa ve„ ttontoprovideaIne|ho<Ifor e 
diabetes m a mamma, which baa ^ 8 , ucose tokrance „ ^ ^ ^ ^ 

,7' aCCOnh " Ce *"* ^ - °' h ^ «» *— «- * directed in part to an 

to! 7, T*" " hUman *- fc »— ■ - » subcutaneous mauhn 

*. MI Mood emulation under acute, sub-acute a„ d cteonic 
penphera, Wood inauHn concenfrahon obtained via tbe subcutaneous injection. 

«**d tnsuhn m* acbieves a me^euftcaiiy effective redaction fa b.ood gmj after o J 
admimafrafton to a bu.au diabetic patient, and which nmmtems . physiolosica ^J"" ^ 
penpbera,) gradtem, and in certain embodiment, pmvides a ra„o of porta, 1 ^ 

™ ^» to peripb^bioodinsunnc^tnuiontan about 2.5:. toaboutfr, and 
preferably from about 4:1 to about 5:1. ™uio.l,and 

™ed tnsuhn tba, achieves a thempeuUcaUy effective .eduction in b.ood g,ul after oral 
aAmmsftahon to human diabetic patients, the oral solid dosage ta j£ °™ 

a time point from about 0.25 to about 1 , , . 

about 80V of ft. M , . hOTOa * CTOra,adminis,ra «<'"to S aidpatie„te,atleaat 
witbin about 2 hoars after oral administnition of said dosage fonn. 

1003.1 The invention is mrther diiccted in part ft, an ore, dosage foim comprising a 
^apeuticanv effecftve amount of unmodified insuHn, said dosage mm, upon paranoia, ora, 
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mean basenne Oatfed) plasma gtacoae (fa absMce „ fa ^ 



patents. 



(0032) The invention is further directed in part t o an oml dosage form comprising a 
merapeuticaUy effective amount „ f ^ ^ ^ ^ ^ ^ 

than about 40% (and more preferably no, more man 30%) for the firs, hour after oral 
whereamentisea.enbysaidpaden^winnnabomonehatfhonroforatadnnnisnnUon ' 



dosage form. 



(00M, tapreferredembodtaen^ofmeoratdosageformsofmeinvenriondesoribedabove «he 
oraldosage fbrmissohd, and -^fer*,y provided ineotporatedwidnn a geianncapsnfe or is 



contained in a tablet. 



[0034] to cerinin preferred embodhnen,s, me dose of unmodified insulin contained in the 
dosage form is from about 50 Unto to about 600 Units (ftom about 2 to about 23mg), preferably 
ftom about ,00 Unit, (3.8 mg) to abou,450 Units (, 5 .3 mg> insulin, and mos, prefl,y ftj 
about , 0 Units (5.75 mg, ,„ abou, 300 Uni* („.5 mg), based on ,he accept conve.iL of 
fac,orof26.11Unitspermg. 

100351 to certain preferred embodiments, ,he dosage forma of the invention provide a W for 
u*uhna.abou,0, toabou. ,5 hours, and more preferably by abou, 0.25 to abou, 0.5 hours 
after oral administration, ft, ceriain preferred embodhnema, me W for insulin occurs a, leas' 
man abou, ,00 minutes after oral administration of me composition, preferably a, less man abou, 
45 nunutes, more preferably a, ,ess man abou, 40 minutes, and still more preferaMy a, abou, 22 
mmutes after oral administiation of me exposition, ft, certain prefe^ed embodiments, me 
composmon provides a W for glucose reduction a, abou, 0.25 ,o abou, ,.5 hours more 
^'yby^0.75 to ^ wl . 0lK ^^ OBlad ^ staamto ^ pr ^ 
embodunems, the W for gIu cose reduction occurs prefembly a, less man about ,20 minutes 
more preferably a, .ess man abou, 80 mlnu.es, and mos, preferably a. ahou, 45 minutes, after'oral 
administration of the composition. 
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msuhn mto fite porta, circniabon (via abandon dnough the mucosa ot0a ^ „ ^ 
peak levels within about 30 minutes or less. 

[0037] to certain embodiments of the dosage forms described above, in the aisenoe of a 
dehve^ ageta, the dose of unmodified insuUn is not adequately absorbed from the 
gaabointestinal trac, when administemd orally to rendcr . draired effect . fc ^ 

when omlly adnnmstemd te a human pauen, te provide a desbab.e rhempeubc effect but said 
dose provtdea a desiraMe thempeobc eftec. wben administered ,o aaid pauen, b y another route of 
adm,na,ra,,o„. l*e invenrion iu such en.bcK.bnen. is fcrther directed te an orm dosage fbT 
conrpnsmg a dose of umnodifier, insuhn tegeftter wiu, . pbannaeeubealv aeeep«ab,e debvery 
«- ttn an amoun, effecbve te faeibtete me absorpbon of said inaulhr, snob tha, a .herapemLy 
eflfcbve amoun, of said dose of insulin is absorb*, ftom tbe gaahointesbna, bae, of human 
diabetic patients, 

10038, ft, certain preferred embodhnen,s, me pharmaeeurica. composibon eonrpri.es born 

f *T ab ° U ' ^ "><»« 50 » — <™, more 

P^ly ftom about .00 ,o abou, 400, most preferaMy about 200. Li certain embodiment, Ure 

' *—* "~ C °~° n C ™« «» ** >.00" »d 

0.25 teabou, 0.75 hours, nros, preferably 0.5 boura, after oral acbninisbabon. 

(003,, ^P^osesofnrepresen.invenbon.aprefe^eddelive^agentisidenriaedvia 
ebennca. nomenclature as 4-[(4-eb.oro, 2-byd TO xyb« ra oy.)a mi »o ] b„ t anoio acid. In certain 
^^^^u^deUvery.gemiaa^.3,,,^^^^^ 
A,<ernahve,y, bre sanre compound is identifier, by me abemafive nomeoCahne monosodinm N- 
(^omsabeyloyD^-aminobutyrate, or by Ibe short name "4-CNAB". 

10040, Tbe invenbon is further directed in part to a method of beabnen, of diabetes in bumans 
further sections of the present specification. 
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7 ^ ~° * **« *«- M^. method of neaunen, „f impaired gIlKose 

compnsnrg administering one or more ^ dosK „ f ^ ^ ^ ^ ^ • 

ftather sections of the present speeiflcation on a chronie basis. 

10042] The invention is atso rotated to a medrod of oraily treadng m^nmafs wifh an acdve 
agen, (t.e., rnsuhn) tha, is no. snfficiendy absorbed when oral|y ,„ 

" "TT* ^ ^ 2 " »~ — * by 

another route of adminsdadon, comprising omUy administering said active agent toother win, a 
dehvery agent which fhcihfates dre absorprion of msu,i„ from dre ^ 
one or more of the further characteristics set forth above. 

10043, The invendon is further direcfed to a medrod of providing a therapeutical* effective 

abon, 23 mg of unmodified insulin wifh dnm abon, 100 to ^ m mg „ , „„„ 
a^tabfe dehvery agen, which facditates absorpdon of said mauun from fhe gasdnintesdna, 
tean. of human drabedc padents, and oraffy administering said uni, dose ,o a human diabetic 
patten, to provide a fherapeufic effect „ pmfcrred embodiments, ^ ^ 
dose is from about 102 mg to about 800 mg. 

10044, The present invention is afco directed in pari fo a medrod of treating humarr diabetic 
pad o* oompnsmg oralfy administering to hum™ diabetic patienfs on a chronic basis an oraf 
^^con^adoaeofum,^^^^^ 

*° ° f *° — *» «- gestrointesdna, «mc, „ pLL a 

TlTl***: ^ in b,ood *— - • »°* «*-» «— «- 

rs reduced refative fo fhe systemic bfood insuhn concentration of an equivrde., fherapeuticaUy 

— ^^^^^ 

,0045, The invendon is further directed to a method of treating diabetes and reducing fhe 
■ncrdence of systemic hypennsufcemi. associated with chronic dosing of tosulin, comprising 
or*fy altering on a chronic baais ,„ a diabedc paden, a dose of insuhn and a dehvery agen, 
fccrhtates ft. absorpdon of dre dose of insuHn from dm gasteoiotestina, n~t ,„ provi I a 
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therapeutically effective reduction and/or control in blood glucose and a mean systemic blood 
msulin concentration of the diabetic patient that is reduced relative to the mean systemic blood 
insulin concentration provided by subcutaneous injection of insulin in an amount effective to 
achieve equivalent reduction and/or control in a population of human diabetic patients. 

[00461 The present invention is further directed to method for prophylactically sparing beta cell 
function in a mammal which has impaired glucose tolerance or early stage diabetes mellitus 
comprising administering an orally effective dose of a pharmaceutical formulation comprising 
insuhn (as described herein) at nighttime. Preferably, the oral insulin formulation is administered 
to such huihan patients on a chronic basis, e.g., for at least about 2 weeks. 

[0047] The present invention is further directed to a method for preventing beta cell death or 
dysfunction in a mammal which has impaired glucose tolerance or early stage diabetes mellitus 
compnsing administering an orally effective dose of a pharmaceutical formulation comprising ' 
msulin at nighttime. Preferably, the oral insulin formulation is administered to such human 
patients on a chronic basis at bedtime, e.g., for at least about 2 weeks. 

[0048] The present invention is further directed to a method for long-term protection of a 
mammal which has impaired glucose tolerance or early stage diabetes mellitus from developing 
overt diabetes, comprising administering an orally effective dose of a pharmaceutical formulation 
comprising insulin at nighttime. Preferably, the oral insulin formulation is administered to such 
human patients on a chronic basis at bedtime, e.g., for at least about 2 weeks. 

[0049] The present invention is further directed to a method for delaying the onset of overt 
diabetes in a mammal which has impaired glucose tolerance or early stage diabetes mellitus 
compnsing administering an orally effective dose of a pharmaceutical formulation comprising 
msulin at nighttime. Preferably, the oral insulin formulation is administered to such human 
patients on a chronic basis at bedtime, e.g., for at least about 2 weeks. 

[0050] Themean values of insuhn concentration determination obtained in patients who have 
been administered subcutaneous insuhn are well known to those skilled in the art. 

[0051] The following terms will be used throughout the application as defined below: 
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10052] Diabetic patient - refers to humans suffering from a form of diabetes. 
I0053J IGT ~ means impaired glucose tolerance. 

[0054] Diabetes - is deemed to encompasses type 1 and type 2 diabetes, unless specifically 
specified otherwise. 

[0055] Biological macromolecule - biological polymers such as proteins and polypeptides. 
For the purposes of this application, biological macromolecules are also referred to as 
macromolecules. 

[0056] Delivery agent - refers to carrier compounds or carrier molecules that are useful in the 
oral delivery of therapeutic agents. "Delivery agent" may be used interchangeably with "carrier". 

[0057] Therapeutically effective amount of insulin - an amount of insulin included in the oral 
dosage forms of the invention which are sufficient to achieve a clinically significant control of 
blood glucose concentrations in a human diabetic patient either in the fasting state or in the fed 
state effective, during the dosing interval. 

[0058] Effective amount of delivery agent - an amount of the delivery agent that promotes the 
absorption of a therapeutically effective amount of the drug from the gastrointestinal tract. 

[0059] Organic solvents - any solvent . of non-aqueous origin, including liquid polymers and 
nuxtures thereof. Organic solvents suitable for the present invention include: acetone methyl 
alcohol, methyl isobutyl ketone, chloroform, 1-propanol, isopropanol, 2-propanol, acetonitrile, 1- 
butanol, 2-butanol, ethyl alcohol, cyclohexane, dioxane, ethyl acetate, dimethylformamide, 
dichloroethane, hexane, isooctane, methylene chloride, tert-butyl alchohol, toluene, carbon 
tetrachloride, or combinations thereof. 

[0060] Peptide - a polypeptide of small to intermediate molecular weight, usually 2 or more 
amino acid residues and frequently but not necessarily representing a fragment of a larger 
protein. 
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-'to ana compos* of chains „ f ^ ^ comlected ^ 

pep«K,es. The Secular weigh, range for proteins includes peptides of 1 000 Data* to 
glycoproteins of 600 to 1000 kiloDaltoris. 

r»0«, Reconsnmnon - disaotaion of composes or compositions in an appropriate huffer 
or pharmaceutical composition. 

[00*3) ^'-^^re^^ph^^^^,^ 

110.64, "^^-nre^ina^pr^h,^^ 

oh^er such as tha, desc ri „ed in U.S. Patent No. 6,309,633 and/or whi h not haa hoT 

[0065, Asusedherem, the p hrase "eouivtden, merapeudcaHy effective reduction" meat* that a 

~-n(e.g. viaorai ^^60 nofinstdininapa,^^^^,^ ^ 
P^femhiy no, more man ,0% and even more preferamv no, more man 5% different mom a 
maxtma, reducdon of Mood gincose concontradon after adminisfradon by a second mTod (e g 

F0066, The term "AUC» as used herein, means area under the piasma concentrations carve 
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[0067J The term «C max " as it is used herein is the highest plasma concentration of the drug 
attained within the dosing interval. 

[0068J The term • W * as it is used herein is the time period which elapses alter adrninistration 
of the dosage form at which the plasma concentration of the drug attains the Cmax within the 
dosing interval. 

[0069] The term "multiple dose" means that the human patient has received at least two doses 
of the drug composition in accordance with the dosing interval for that composition. 

[0070] The term "single dose" means that the human patient has received a single dose of the 
drug composition and the drug plasma concentration has not achieved steady state. 

[0071] Unless specifically designated as "single dose" or at "steady-state" the pharmacokinetic 
parameters disclosed and claimed herein encompass both single dose and steady-state conditions. 

[0072] The term "mean", when preceding a pharmacokinetic value (e.g., mean W represents 
the arithmetic mean value of the pharmacokinetic value unless otherwise specified. 

[0073] The term "Bioavailability" as used herein means the degree or ratio (*) to which a drug 
or agent rs absorbed or otherwise available to the treatment site in the body. This is calculated by 
the formula 

Rel. Bioavailability (%) = Dose SC AUQns Oral vtnn 

> Dose Oral X AUC^s SC X 100 

[0074] The term "Biopotency" as used herein means the degree or ratio (%) to which a drug or 
agent ,s effective to the treatment site in the body. This is calculated by the formula 

Rel. Biopotency (%) = DoseSC x AUCq )R Oral 

Dose Oral AUC OIR SC * 100 
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[0075J As used herein and in the appended claims, the singular forms "a," "an » and "the » 

moh^ep^referenuunlessdreeontextelearlyindieatesodtenvise. Thus, forexample ' 
reference to - a n^ecule" incltldes OM „ r mQK „ f ^ ^ ^ ^ 

more of such different reagents, reference t o "an antibody inrtudes one or more of such different 
annbod.es, and reference to "toe method" includes reference fo equivalent steps and memoda 
known ,o those of ordinary skill in the art tha, could he modified or substituted for the methods 
described herein. 

[007.] Unless denned otherwise, aU technical and scientific terms used herein have the same 

meamng as connnonly understood by one of ordinary skill in the art to which the invention 

belongs. Although any methods, compositions, reagents, cells, simitar or equivalent* those 

^»«*-"---hft.,« ta , 1-b , oftt . hniiac%lta 

nratenala are deaenbed herein. Ail pubhestioos mentioned he re in are incorporated herein 

mcludmg all figures, grapha, equations, illustrations, and drawings, to describe and disclose 

specflc information for which the reference waa cited in connection with. 

100771 The publication, discussed above are provided so!e,y for their discfosore before me 
fibng date of the present appHcation. Nothing herein ia ,o be conatined as an admisaion mat me 
mvention ,s no, entitied to antedate such diacfoaure by virtue of prior invention. Throughout mis 
desenpnon, rae prefOTed embodiment and examples ahown ahotdd be considered as exemphu* 
rather than as limitations on the preaent mvention. 

brief mssmmm qe ™ e nmwror.« 

[00781 Figure 1 is a able of dam (Mood glucose, insulin and C-peptide) collected in the 
morntng after nighttime dosing ofinaulin at.d4.CNAB for each subject compared to that 
subject's own baseline levels. 

[0079] Figure 2 is a bar graph showing the effect of nighttime dosing of insulin and 4-CNAB 
on blood glucose concentration. 

[0080] Figure 3 is a bar graph showing the effect of nighttime dosing of insulin and 4-CNAB 
on blood C-peptide concentration. 
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[0081] Figme 4 i, a bar graph showing «he effect of nighmme dosing of insulin and 4-CNAB 
on blood insulin concentration. ~ 

DETATT .F.n DESCRiertQN 

[00821 Hyperi^ulinemia (elevated Wood concentrations of insuUn) is caused by the 
action of insnnn in a location (and manner) which is no, consistent with the nonnal 
phys.oIog.ca, route of deHvery. m nonnal healthy humans, inaulin is released to the pancreas 
otto the portal vein, which hansfers the tasuUn to the tiver. The liver utilizes a ,arge portion of 
me tnsuhn which i, receivee *om the portal cation. Qmcose is the pHncipal 11 to 

^~'"^.<^en ta tiKp« U by« a hned ( ^ a ndi sme n 
phosphorated by ghtcokinase. Expression of gmcoxinase is ptimarfly tinuted to * and 
tissues n-volved in the K gu,ation of g 1 „cose mefcbohsm, such as the fiver and tire pancreatic „ 
calls The capacny of sugars to undergo phosphotyUtion and subsequent g.ycolysis cottemtes 
c.oseiyw.a.the.rabmtytostin.ni.teinsutinrelease. htsmin circma.es in b!ood as tire flee 
monomer, and its vohune distribution approximams the vomme of extir.eHu.ar fluid. Under 

Tl T: T b ^ *"< ^ * — « whereas 

humans, translating into, e.g„ a 5:1 ratio. 

10083) ^""dnmtia^p^,^^,^^^.^ ^ 
Aabetics who receive insuUn via subcutaneoos injection, the ratio is changed to about 0.75:1 

to adequately control blood glucose. ormsuun 

[00841 I. has been an unmet goa, in the artto imitate norma, insuhn ,eve b in me porta, and 
system.ccncn.ationviaota.admmishntionofinsn.in. By virtue of me ptesen, invention me 
mtio of porta, (^modified) msufin concentration to systemic (unmodified) insuUn concentiation 
Wmachesm human diabetic patients approaches ma, which is obtained in tmtma, heahhy 

tagher porta, msuhn concentiation and ,ower systemic msmin concentintion over time man fita, 
ohtimted wtth an e,ui. ff ective dose of insotin administered subcutaneous* (i.e.. which ptol 
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similar control of blood glucose levels). By virtue of the present invention, lower levels of 
hyperinsulinemia are obtained, e.g., systemic insulin concentrations are at least about 20% lower 
when compared to a comparably effective subcutaneous dose of insulin. Transient peaks in 
insulin levels which may occur by virtue of the oral administration of insulin in accordance with 
the present invention is not believed to be associated with vascular diseases. 

[0085] Typically, insulin is not absorbed to any extent through the gastrointestinal tract, 
presumably due to its size and potential for enzymatic degradation. The present invention 
provides pharmaceutical compositions that are useful as delivery agents in the oral delivery of an 
active agent that is not generally considered by those skilled in the art to be administrable via the 
oral route, such as insulin. Such compositions serve to make insulin bioavailable and absorbable 
through the gastrointestinal mucosa when orally administered. 

[00861 The present invention provides a method of aclministering insulin and pharmaceutical 
compositions useful for administering insulin such that the insulin is bioavailable and absorbable 
from the gastrointestinal tract and such that the incidence of vascular diseases normally 
associated with chronic dosing of insulin is attenuated. The delivery agents of the invention 
enable insulin to be orally absorbable through the mucosa of the stomach. Following oral 
administration of the pharmaceutical compositions of the present invention, the delivery agent 
passes though the mucosal barriers of the gastrointestinal tract and is absorbed into the blood 
stream where it can be detected in the plasma of subjects. The level of delivery agent in the 
bloodstream as measured in the plasma is dose-dependent. The delivery agent facilitates the 
absorption of insulin administered therewith (either in the same dosage form, or simultaneously 
therewith), or sequentially (in either order, as long as both the delivery agent and insulin are 
administered within a time period which provides both in the same location, e.g., the stomach, at 
the same time). As disclosed below, oral administration of insulin, in particular using the 
delivery agents disclosed herein, effectively reduces the incidence of vascular and other disease 
states that are associated with traditional dosing of insulin, i.e., subcutaneously. 

[0087] The preferred pharmaceutical compositions of the invention comprise a combination of 
insulin and a delivery agent in a suitable pharmaceutical carrier or excipient as understood by 
practitioners in the art. The means of delivery of the pharmaceutical composition can be, for 
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example, a capsule, compressed tablet, pill, solution, freeze-dried, powder ready for 
reconstitution or suspension suitable for administration to the subject. 

10088] The pharmaceutical compositions and method of the present invention provide a 
number of advantages in addition to convenience, acceptance and patient compliance. Insulin 
absorbed in the gastrointestinal tract mimics the physiology of insulin secreted by the pancreas 
because both are released into the portal vein and carried directly to the liver. Absorption into 
the portal circulation maintains a peripheral-portal insulin gradient that regulates insulin 
secretion. The present invention comprises pharmaceutical compositions and method for oral 
insulin delivery that enable achieving low blood glucose without having high levels of systemic 
insulin. 

[0089] Preferably, the pharmaceutical composition includes insulin as the active agent As 
used herein, "insulin" refers to insulin from a variety of sources. Naturally occurring insulin and 
structurally similar bioactive equivalents (insulin analogues including short acting and analogues 
with protracted action) can be used. Insulin useful in the invention can be isolated from different 
species of mammal. For example, animal insulin preparations extracted from bovine or porcine 
pancreas can be used. Insulin analogues, derivatives and bioequivalents thereof can also be used 
with the invention. In addition to insulin isolated from natural sources, the present invention can 
use insulin chemically synthesizing using protein chemistry techniques such as peptide synthesis. 
Analogues of insulin are also suitable for the present invention. 

10090] The insulin used in the present invention may be obtained by isolating it from natural 
sources or by chemically synthesizing it using peptide synthesis, or by using the techniques of 
molecular biology to produce recombinant insulin in bacteria or eucaryotic cells. Analogs of 
insulin are also provided by the present invention. Insulin from other species of mammal may 
also be used in the present invention. Thephysical form of insulin may include crystalline and/or 
amorphous solid forms. In addition, dissolved insulin may be used. Other suitable forms of 
insulin, including, but not limited to, synthetic forms of insulin, are described in US Patents 
Nos. 4,421,685, 5,474,978, and 5,534,488, the disclosure of each of which is hereby incorporated 
by reference in its entirety. 
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[0091] The moa, preferred insuHn useful in the phamraceutica. compositions and methods of 
the present invention is human recombinan , ^ H|man ^ ^ ^ ^ 
usnrg genetic engineering techniques tha, m waU known ^in cm „ e 
^"*=*™oreuca^^^ 

are also usenr, in the invention. Recombinan, hnman insuhn can be obtained fiom a variety of 
commercia, sourcos. For exampie. insuhn (Zinc, human tecombinant) ean be purchased fern 
Calb,oebem (San Diego, CA). Alternatively, hnman recombinant Zine-InsnMn Crystals- 
fto.nan.in Derived (Reeombman. DNA Origin) USP Quality ean be obtiuned horn Eh LiHy and 

bu, no. hunted «o Ltsuun laspto. Insulin Aspari, Insnhn Gia^ine, msnlin Detemir) am deemed 

10092, The present invention provides compositions of recombinan, hnman zinc insnlin and a 
debv.ay agen, as a drng for oral admuustiauon of insulin in humans. 

(00,3, m ye, tamer embodiment of me inveotion, the active agen, is no, insulin bn, ins,ead is 

hunted te, protetns; pol^epudes; peptides; homrones; polysaccharides, and particuhtrly mhtturea 
of muco-polysacoharides; carbohydrates; hpids; other organic compounds; and particularly 
compounds which by memselves do no, pass (or which paas as orny a nation of me 
admunstemd dose) thmugh the gastro-intestinal mucosa and/or are susceptible ,o chemical 

examp.esof active ^« of a biological na tarei „e,ude, but are no, ,imi,ed to, tire foUowing 

gmwth honnonea (hGH), recombinant human gmwti, hormones (rhOH), bovme gmwti, 

h™,andpommegrow,hho m ones;growmhonno»e- re ,e« i „g h „ n non^ 

TnT 8 s - " iMaMSi '" l; ***** ^ h "— ^ human, and 

human recombtnan,, optional* having counter ions including sodium, zinc, calcium and 

ammomum; insuhn-hke grown, factor, inchtding ,GP- 1; heparin, inCuding nnflactionated 

hepann, heparinoids, dermatans, chondroitins, low modular weigh, heparin, very low molecular 
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weight heparin and ultra low molecular weight heparin; calcitonin, including salmon, eel, porcine 
and human; erythropoietin; atrial naturetic factor; antigens; monoclonal antibodies; somatostatin; 
protease inhibitors; adrenocorticotropin, gonadotropin releasing hormone; oxytocin; leutinizing- 
hormone-releasing-hormone; follicle stimulating hormone; glucocerebrosidase; thrombopoietin; 
filgrastim; prostaglandins; cyclosporin; vasopressin; cromolyn sodium (sodium or disodium 
chromoglycate); vancomycin; desferoxamine (DFO); parathyroid hormone (PTH), including its 
fragments; antimicrobials, including anti-fungal agents; vitamins; analogs, fragments, mimetics 
or polyethylene glycol (PEG)-modified derivatives of these compounds; or any combination 
thereof. 

[0094] In one embodiment of this invention, the protein active agents have a molecular weight 
of less than or equal to 10,000 Daltons. In another embodiment of this invention, protein active 
agents have a molecular weight of about 6,000 Daltons. In another embodiment of this 
invention, protein active agents have a molecular weight of greater than or equal to 10,000 
Daltons. According to an alternate embodiment of the present invention, protein active agents 
have a molecular weight that is greater than or equal to 20,000 Daltons. In a further embodiment, 
protein active agents have a molecular weight that is greater than or equal to 30,000 Daltons. 
According to an alternate embodiment, protein active agents have a molecular weight that is 
greater than or equal to 40,000 Daltons. According to another alternate embodiment, protein 
active agents have a molecular weight that is greater than or equal to 50,000 Daltons. 

[0095] Insulin entry into the bloodstream produces a decrease in plasma glucose levels. 
Therefore, oral absorption of insulin may be verified by observing the effect on a subject's blood 
sugar following oral administration of the composition. In a preferred embodiment of the 
invention, the oral dosage forms of the invention facilitate the oral delivery of insulin, and after 
insulin is absorbed into the bloodstream, the composition produces a maximal decrease in blood 
glucose in treated patients from about 20 to about 60 minutes after oral administration. In 
another embodiment of the present invention, the pharmaceutical composition produces a 
maximal decrease in blood glucose in treated patients from about 30 to about 50 minutes post 
oral administration. More particularly, the pharmaceutical composition produces a maximal 
decrease in blood glucose in treated patients at about 40 minutes after oral administration. 
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[0096] The magnitude of the decrease in Mood glueose produced by insulin absorbed into the 
Moodstream Mowing entry into the gaarointestinal tract varies Witt, the dose of insulin. In 
certain embodies of the invention, human diabetto patients show a maximal decrease in Wood 
glucose by a, leas, ,0% within one hour post oral administration. In another embodiment, human 
dmberic patients show a maximal decrease in blood ghrcose by a. leas, 20% witttin one hour post 
oral administration, alternatively, a, leas, 30% within one hour pos, oral administration. 

[0097, Normal levels of blood g ,ucose vary somewha, ttnoughou, ttte day and in relatton to the 
time amce me last meal. One goal of the present invention is to provi de ora! expositions of 
msulin tha, ftcihtote achieving close to normal levela of blood glucose tttroughou, the 24-hour 
datlycycle. Inaprefenedemb^ 

mcludes tnsulft, or an insulin analog as ttte active agen, and a dehvery agen, in an amoun, 
effective to achieve a faattng blood glucose concentration torn about 90 to about 110 mg/dl In 
anottner preferred embodiment of ttte invention, wherein the phannaceudeal compositton 
mcludes insuUn or an inauhn analog as ,he active agen, and a dehvery agen, in an amount 
effective to achieve a fasting blood glucose concentration from about 95 to about 105 mg/dl 
more preferably, ttte subject manifests fasting Wood glucose concentrations a. about !00 mg*l. 

[0098] In the time after a meal is consumed, Wood glucose concentiation rises in response to 
dtgestion and absotption into ttte bloodstream of carbohydta.ee derived ftom the food eaton The 
present mvention provides oml compositions of insulin tha, prevent or control very high levels of 
blood glucose font being reached and/or sustained. More particularly, me present invention 
provides compositions wMch faciitee achieving notmal levels of blood g,ueese after a meal has 
been consumed, i.e., post-prandial. In a preferred embodiment of the invention, the 
pharmaceutical composition i„c.udes insulin as the active agen, and a delivery agent in an 
amount effective to achieve a post-prandial blood glucose concentiation ftom abou, 130 to about 
170 mg/dl. in another preferred embodiment of the invention, the phannaceudeal composition 
mcludes insulin or an insulin anatog as the active agen. and a delivery agen, in an amount 
effective to achieve a post-prandial blood glucose concentration ftom about 140 to about 160 
mg/dl, more preferably, the subject manifesto justing blood glucose concentiations a, less than 
about 160 mg/dl. 
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[0099] The present invention provides pharmaceutical compositions for oral administration 
which includes insulin or an insulin analog as the active agent and a delivery agent in an amount 
effective to achieve pre-prandial (before a meal is consumed) blood glucose concentration from 
about 95 to about 125 mg/dl. In a preferred embodiment, the present invention provides 
pharmaceutical compositions for oral administration which includes insulin or an insulin analog 
as the active agent and a delivery agent in an amount effective to achieve pre-prandial blood 
glucose concentration from about 100 to about 120 mg/dl. 

[00100] The present invention provides pharmaceutical compositions for oral administration 
which include insulin as the active agent and a delivery agent in an amount effective to achieve 
blood glucose concentrations within the normal range during the evening period from about 70 to 
about 120 mg/dl. In a preferred embodiment, the present invention provides pharmaceutical 
compositions for oral administration which include insulin or an insulin analog as the active 
agent and a delivery agent in an amount effective to achieve blood glucose concentrations at 3 
AM from about 80 to about 120 mg/dl. 

[00101] In certain preferred embodiments, the methods and pharmaceutical compositions 
provide the pharmacokinetic parameters set forth in United States Provisional Applications Nos. 
60/346,746 and 60/347,312, the disclosure of each of which is incorporated herein by reference. 

[00102] The amount of delivery agent necessary to adequately deliver insulin into the blood 
stream of a subject needing the therapeutic effect of insulin can vary depending on one or more 
of the following; chemical structure of the particular delivery agent; the nature and extent of 
interaction of insulin and the delivery agent; the nature of the unit dose, i.e., solid, liquid, tablet, 
capsule, suspension; the concentration of delivery agent in the GI tract, the feeding state of the 
subject, the diet of the subject, the heath of the subject and the ratio of delivery agent to insulin. 

[00103] In preferred embodiments, the oral dosage forms of the present invention comprise a 
mixture of insulin and a delivery agent, e.g„ monosodium N-(4-chlorosalicyloyI)-4- 
aminobutyrate (4-CNAB), a novel compound discovered by Emisphere Technologies, Inc., or 
separately containing insulin and the delivery agent. 
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dtabe.es, nupaired glucose toIerance) „ r to ^ g , ucose ^^.^ ^ jMttati 
compose f„ r example, an addition drug such as sulfonyiurea, abiguamde, an ^ 



sensitizer. 



Ore o, hypoglycemic events, muiniy because of two reasons: (a) one cannot 

Sznrit 'r beca ° M CTen un<,er *— - *- ** *. 

-hanged. peripherai tissue, the over wil, on* cease producing endogenous insuiin 

and no, sequester additional ghtcose; and (b> the short peak of insuhn (e.g, as shown in the 
appended exampies) shows «ha, even if msulin were to reach high peripherai .eveis, the peak 
drops precipitously. y 

[0M06) «e effect ofabsorpdon of insuiin is manifested in human patients heated with the 

IZT r"° Wing 0,31 ^ ^ fa ~ ~~ —n, the 
phamtacauhca, composition comprises insuiin as me active agent and the compound 4-CNAB as 

a dehv*y agent ,o fccimate me orai deiivery of insuiin. and, after insuhn is ahsorhed mm me 

nrr t composi,ion ^ a " * c *** — — «• «— 

pahenuffomao.utgOandahou.UOnu.utespostomiadnnniaha.ion. More particuiariy me 
common produces amaximai decrease in C-pepdde concentration in heated pauemaL 
aboutPOarmab^tnOnunntespostoralauminisuatiou. 

(00.07] Absorption of insuiin can be detected in subject treated with the pharmacies. 

The hme , takes for an achve agent to reach a peak in me bioodstream ma y depend on 
many fccrors such as the Mowing: the nature of the unit do se, U, soiid, Hq md, tabic,, eapsme 
^enstom the concentration of acdve agent and dehvery agent in the GI tract; me feeding sh, te 

ulhVeT !T ^^^^^^"^^"^eradoofachveagenttothe 
dehvery agent, h, a prefer embodimem of m. invendon, wherein the pharmaceutical 
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composition includes the compound 4-CNAB as the delivery agent and insulin as the active 
agent, the composition provides a peak plasma insulin concentration from about 0 1 to about 1 
hour after oral administration. In another embodiment, the composition provides a peak plasma 
msuhn concentration from about 0.2 to about 0.6 hours after oral administration. In a preferred 
embod,ment, the composition provides a peak plasma insulin concentration from about 0 3 to 
about 0.4 hours after oral administration, m another embodiment, the composition provides a 
peak plasma insulin concentration within about 1 hour after oral administration. In certain 
preferred embodiments of the invention, the pharmaceutical composition comprises insulin as the 
active agent and the compound 4-CNAB as a delivery agent to facilitate the oral delivery of 
msuhn, and after insulin is absorbed into the bloodstream, the plasma insulin levels in treated 
patients peak at about 20 minutes post oral administration with a second peak at about 105 



minutes. 



I0O1OSJ m preferred embodiments, the composition, of the present invention include an active 
a S en. (e.g., insnlin) and a delivery agent that serves u> render the active agen, orally absorbable 
tnrongh .he mncosa of the stomach. According*, the present invention serves the problem of 
oral absorphon of macromolecules by providing delivery agents mat facilitate transport of such 
bmmolecules through the gastrointesnna! system and into the bloodstream where the active agen. 
can perform fts necessary biologica. role. As a result of me present invention, effective oral drug 
dehvery methods are provided to increase the era, bioavailability and absorption of drugs that a« 
currently administered parenterally. 

[00109] In other preferred embodiments, the delivery agents used in the invention have the 
following structure: 




OH 
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»i.^nX iS onc„r»o re ofh^ gm , talogen , hytoxylorCi . C3 s 
unsubstituted C,-C 3 alkylene, substituted or united C,-C 3 alkenylene. 

[.OH O, to certain prefers embodimems, the dehvery agents of the invention preferaMy nave 
the following structure: ' 



OH 




wherein X i s Wogen, am, R is substituted or unsubstituted C.-C, aUcyiene, substitute* or 
unsubstituted C,-C 3 alkenylene. 

a^r^ em, " >dtaen, ° f faVOTti0n - -position 

cme presene Mention, the phannaceutica, composition includes ,be compound 4- 
[C4.hloro, 2-hydroxybe^oyDaminolbn^noio acid as a deliver agent for .he oral dehvery of 
insulin, preferably the monosodium salt thereof. 

[00H2J The delivery agents may be in the fbtnt of tire carboxylie acid or salts thereof. Suitable 

tZ po,ass,um md li,hium; alhline - eai,h me,al sate - -* - — «■ — i 

suchaadtmemytannneorpyrtdine. Preferab ly , the sate at. sodium sate. Theaatemaybe 
mono- ormu.ti.va,en,sal te , such as mono^dium sate and di-sodimn salts. The aate may also 
be solvates, including ethanol solvates, and hydmtes. 

10.1 13) Other suitab.e delivery agems that can be used in me pteaen, invention include those 
dehvery agena desert^ United Sra.es Faents He, 5,o50.3 8 6, 5,773,647, 5,77„, g88 . 5.S04.6SS, 
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5,866,536, 5,876,710, 5,879,681, 5,939,381, 5,955,503, 5,965,121,5,989,539, 5,990,166 
6,001,347, 6,051,561, 6,060,513, 6,090,958, 6,100,298, 5,766,633, 5,643,957, 5,863,944 
6,071,510 and 6,358,504, ,h. disclose of each of which is incorporated herein byreference. 
Adthuonal suitable deliver agents are also described in International Publications Nos 
WO 01/341 14, WO 01/21073, WO 01/41985, WO 01/32130, WO 01/32596, WO 01/44199 
WO 01/51454, WO 01/25704. WO 01/25679, WO 00/50386, WO 02/02509, WO 00/47188 
WO 00/07979, WO 00/06534, WO 98/25589, WO 02/19969, WO 00/59863, WO 95/28838* 
WO O2«0466 and WO 02/19969, and international Patent Apptications Not, PCT/US02/06610 
and PCT/US02/06295, the disclosure of each of which is incorporated herein by reference. 

[00114] Salts of the delivery .gen, compounds of ore present invention nuty be prepaid by 
methods known in the art. For example, sodium sate may be prepared by dissolving the delivery 
agent compound in ethanol and adding aqueous sodium hydroxide. 

[00115, The compotmds described herein may be derived torn amino acids and can be readily 
prepared from amino acids by methods known by those with skill in Are art based upon the 
present disclosure and the methods described in International Publications Nos. WO 96/30036 
WO 97/36480, WO 98/34632 and WO 00/07979, and in United States Patents Nos 5 643 95 7 ' 
and 5,650,386, the disclosure of each of which is incorporated herein by reference. For example 
the compounds maybe prepared by reacting the single amino acid wfth the appropriate acytating' 
o, amme-modifying agent, which reacts with a free amino moiety present in Ore anrino acid fo 
form amtdes. Protecting groups may be used U, avoid unwanted side reactions as wentid be 
known to those skilled in the art. 

[00116] The delfvery agents may also be prepared by the methods of hrtemational Paten, 
Apphcation No. PCT/US01/21073, the dfscfosure of which is incotporafed herein by reference. 

[00117] Tbe delivery agents may also be prepared by alkyfation of ,he appropriate salfcyfamide 
accordmg to the methods of International Publication No. WO 00/46182, the disclosure of which 
■s tncotporated herein by reference. The aalicylamide may be prepared from salfcylfe acid via the 
ester by reaction with sulfuric acid and ammonia. 
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may * used. ^ acid is ^ ^ ^ ^ ^ ^ 

^ r rr jofaed by a pep,ue b °- d) m ^ - « — — «*- 

I?; 8 f ° med ^ — ~* - «» «— by, e.g., an ester or an anhydride 

[00119, The deUveryagent^poundmaybepurifledby^r^u^^^^^^ 

oneo rmores o li dch I o 1 na t o gra ph i c S eppor tS ^o„eorUn k ed i n to den, Suitable 
recryste.fcarion so,ven, sy*,^ include, b„ t are not Hnriteri ,o, emanol, wale, heptane ethyl 

m 7 ' me,hano, md md — * f — n ci 

p^med on a smfcbfe cmomatographic seppo,, 3uch as ahmriua. using methanoVn-propaL 
mmums as the tnobrie phaae; reveisephase cluomatogr^ using trifluoroacetic acitf 
acetonttnte mixtures as the mobile phase; and ion exchange ctromatography asing water oran 

appropriate buffer as the mobile ohase ww • ,. 

mobile phase. When amon exchange chromatography is performed 

preferably a 0-500 mM sodinm ehloride gradient is employed. 

ZTI. „ "f^ ^ ^ """^ *• — - 1 bantes of fte GI - * — «- 

mtothe blood stream where i, ean be detected in the plasma of subjects. The .eve, of delivery 
ag^nftehtoodsh^masmeasmedintheplaamaisdos^ependenc The dehvery agen, 

dosage femr, or simultaneously therewith), or sequentially (in either omer, as .ong as bom the 
dehvery agen. artd the thug are admmistered within a rime period which provides horn in ,h 
same locatton. e.g., the stomach, at the same time). 

room , In certain prefer embodiment of the invention, a peak p,asma concentration ,(y 
250000„g,m>, after orn, admmishaHon.prefemh.yfeomabou, 100.O about ,25,000, and 
SOWngtaUfte^ adnunist^on. Momprefe^^ 
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(00,22, He dure i, takes for d,. dehVery age* «o reach a peak in *. bloodslream (w may 
*per.d on nrany ^ such 33 fte MowiBg: ^ ^ Qf ^ ^ ^ C ^ 

act.ve agent a. dehvery agents of fte present tavendon are rapidly absorbed ta, fte 
when oraUy adnunistoed in an immediate re,ease dosage form, and 
Pnrferably prov.de a peak piasn* M ncenhahon with* ahou, 0. , * abou, 8 hours after oral 
attarm-shad™, and preferablya, ahon, 0., * ahou, 3 hours afterorai adnunishadon. 

100:23, in preferred e m bodi,nen«s, .he W of the delivery agent occurs „ ^ 0 . 3 to ^ , 5 

100124] l^^u nto fdeUv ay ^ MMSSarvtoadeqMtely(feliveraii 
l^^'^^^^^^vea^rn^v^d^tg 

and dehvery agen,; the nature of the unitdose, ,,, solid, , iq uid, tah.et, eapstde. suspension th 
concentrahon of dehvery agent in the QI tract; dre feuding sdde of dre subject; the 1, oft 
~^of t h.^ec,^ flB ^ oofd ^^ toteMav ^ 
P^red enrbodunen, ofdre invendon, tbeantoun, of dre dehvery agen, preferred for the 
pWaceuhca.conrpositionisiron, ahou, , ntg to ahou, 2,000 rag delivery agen,, m ore 

700 n, g of satd dehvery agent, still more pre&rab ly from abou, 1 00 to ahou, 600 mg. 

(00125, Preferably, dte delivery agen, is 4-CNAB. Sine d,. anroun, of delivery agen, required 
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a desired therapeutic effect is also a variable, the ratio of active agent to delivery agent may vary 
for different active agent/delivery agent combinations, fa certain preferred embodiments ofthe 
invention where the oral pharmaceutical composition includes insulin as the active agent and the 
delivery agent is the compound 4-CNAB, the amount ofthe delivery agent included in the 
pharmaceutical composition may be from about 100 mg to about 600 mg of said delivery agent. 

100126] fa certain preferred embodiments of the invention, the pharmaceutical composition 
includes msulin as the active agent and the delivery agent is the monosodium salt of 4-CNAB 
the ratio of insulin [Units] to delivery agent [mg] ranges from 10:1 [Units/mg] to 1:10 
[Units/mg], preferably, the ratio of insulin [Units] to delivery agent [mg] ranges from 5:1 
[Units/mg] to 0.5:1 [Units/mg]. 

[00127] Preferred insulin doses in a single administration are about 5 to about 1000 insulin units 
USP, preferably from about 50 to about 400, more preferably from about 150 to about 400, and 
still more preferably from about 150 to about 300 units. 

[00128] The optimum ratio of insulin to delivery agent can vary depending on the delivery agent 
Optnmzing the ratio of insulin to delivery agent is within the knowledge of one skilled in the art. 

[00129] In a preferred embodiment ofthe invention, wherein the pharmaceutical composition 
includes the compound 4-CNAB as the delivery agent and insulin as the active agent, the 
composition provides a peak plasma delivery agent concentration within about 0. 1 to about 3 
hours after oral administration. In certain preferred embodiments where the pharmaceutical 
composition includes the compound 4-CNAB as the delivery agent and insulin as the active 
agent, the peak plasma concentration of delivery agent attained is from about 8,000 to about 
37,000 ng/ml. 

[00130] The mechanism by which 4-CNAB facilitates the gastrointestinal absorption of insulin 
has not yet been fully elucidated. The current working hypothesis is that 4-CNAB interacts with 
insulin non-covalently, creating more favorable physicochemical properties for absorption This 
working hypothesis is provided for explanation purposes only and is not intended to limit the 
present invention or the appended claims in any way. 
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[00131J The delivery agent may be used directly by mixing one or more such agents with the 
active agent (e.g., unmodified insulin) prior to administration. The delivery agent and active 
agent may be mixed in dry powder form or wet granulated together. To this mixture, other 
pharmaceutical^ acceptable excipients may be added. The mixture may be then tableted or 
placed into gelatin capsules containing a unit dose of the active agent and the delivery agent. 
Alternatively, the delivery agent/active agent mixture may be prepared as an oral solution or 
suspension. The delivery agent and active agent do not need to be mixed together prior to 
administration, such that, in certain embodiments, the unit dose of active agent (with or without 
other pharmaceutical acceptable excipients) is orally administered without the delivery agents 
of this invention, and the delivery agent is separately orally administered (with or without other 
pharmaceutical acceptable excipients) before, after, or simultaneously with the active agent. 

[00132] In certain preferred embodiments, the oral dosage forms of the present invention are 
solid. The unmodified insulin in dry powder form is stable, and in certain preferred 
embodiments is simply mixed in a desirable ratio with the delivery agent. The dry powder 
mature may then be filled into gelatin capsules, with or without optional pharmaceutical 
excipients. Alternatively, the unmodified insulin in dry powder form may be mixed with the 
delivery agent together with optional pharmaceutical excipients, and the mixture may be tableted 
in accordance with standard tableting procedures known to those having ordinary skill in the art 

[00133] The present invention also provides methods for treating human diabetic patients with 
acuve agents that are not inherently bioavailable, such as for example treating diabetics with 
insulin. More particularly, the present invention provides method of treating humans with an 
oral dosage form of a pharmaceutical composition, wherein the pharmaceutical composition 
includes the following: first, an active agent or a pharmaceutically acceptable salt thereof which 
-s not orally bioavailable when dissolved or suspended in aqueous solution, wherein the active 
agent provide a therapeutic effect when administered to a subject by another means (e g via 
subcutaneous injection); and, second, an effective amount of a delivery agent or a 
Pharmaceutically acceptable salt thereof, which renders the active agent orally absorbed (e g 
bioavailable). In certain embodiments, the method comprises the following steps- first 
contacting the active agent (e.g„ insulin) with said delivery agent, and thereafter orally' 
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administering the phannaceutical composition. Alternatively, the method comprises 
admm.stering the insulin and the delivery agent in such a manner that the insulin and delivery 
agent contact each other in-vivo (e.g., in the stomach), such that the delivery agent is available to 
facilitate absorption of the insulin through the stomach mucosa. 

(00134] The dosage forms of the present invention may be produced by first dissolving the 
active agent and delivery agents into one solution or separate solutions. The solvent will 
preferably be an aqueous solution, but organic solvents or aqueous organic solvent mixtures may 
be used when necessary to solubilize the delivery agent. If two solutions are used the 
proportions of each necessary to provide the correct amount of either active agent or delivery 
agent are combined and the resulting solution maybe dried, by lyophilization or equivalent 
means, m one embodiment of the invention, the oral dosage form may be dried and rehydrated 
prior to oral administration. 

[00135] The administration mixtures may be prepared, e.g., by mixing an aqueous solution of 
the delivery agent with an aqueous solution of the active ingredient, such as insulin, just prior to 
administration. Alternatively, the delivery agent and the biologically or chemically active 
ingredient can be admixed during the manufacturing process. The solutions may optionally 
contain additives such as phosphate buffer salts, citric acid, acetic acid, gelatin, and gum acacia. 

[00136] Stabilizing additives may be incorporated into the delivery agent solution. With some 
drugs, the presence of such additives promotes the stability and dispersibility of the agent in 
solution. The stabilizing additives may be employed at a concentration ranging from about 0 1 
and 5o/„ (W/V), preferably about 0. 5 o/ o (W/V). Suitable, but non-limiting, examples of stabilizing 
additives include gum acacia, gelatin, methyl cellulose, polyethylene glycol, carboxylic acids and 
salts thereof, and polylysine. The preferred stabilizing additives are gum acacia, gelatin and 
methyl cellulose. 

[00137] The amount of active agent, e.g., insulin, is an amount effective to accomplish the 
purpose of the particular active agent. The amount in the composition is a therapeutically 
effective dose, i.e., a pharmacologically or biologically effective amount. However, the amount 
can be less than a pharmacologically or biologically effective amount when the composition is 
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used m a dosage unit form, such as a capsule, a tablet or a liquid, because the dosage unit form 
may contain a multiplicity of delivery agent/biologically or chemically active agent compositions 
or may contain a divided pharmacologically or biologically effective amount. The total effective 
amounts can then be administered in cumulative units containing, in total, pharmacologically or 
biologxcaUy or chemically active amounts of biologically or pharmacologically active agent. 

100138] The total amount of active agent, and particularly insulin, to be used can be determined 
by those skilled in the art. However, it has surprisingly been found that with some biologically or 
chermcally active agents, the use of the presently disclosed delivery agents provides extremely 
efficient delivery. 



amount 



[00139] The amount of delivery agent in the present composition is a delivery effective _ 
and can be determined for any particular delivery agent/active agent combination by methods 
known to those skilled in the art. 

[00140] The oral dosage forms of the present invention, containing a mixture of the active agent 
e.g., msuhn and the delivery agent, e.g., 4-CNAB or separately containing the active agent and ' 
the delivery agent, may include additional materials known to those skilled in the art as 
Pharmaceutical excipients. Any excipient or ingredient, including pharmaceutical ingredient, or 
extents. Such pharmaceutical excipients include, for example, the following: Acidifying 
agents (acetic acid, glacial acetic acid, citric acid, fumaric acid, hydrochloric acid, diluted 
hydrochloric acid, malic acid, nitric acid, phosphoric acid, diluted phosphoric acid, sulfuric acid 
tartanc acid); Aerosol propellants (butane, dichlorodifluoro-methane, dichlorotetrafluoroethane 
zsobutane, propane, trichloromonofluoromethane); Air displacements (carbon dioxide, nitrogen)' 
Alcohol denaturants (denatonium benzoate, methyl isobutyl ketone, sucrose octacetate); 
Alkalizing agents (strong ammonia solution, ammonium carbonate, diethanolamine, 
diisopropanolamine, potassium hydroxide, sodium bicarbonate, sodium borate, sodium 
carbonate, sodium hydroxide, trolamine); Anticaking agents (see Antifoaming agents 

(dunetmcone, simethicone); Antimicrobial preservatives (benzalkonium chloride, benzalkonium 
chlonde solution, benzelthonium chloride, benzoic acid, benzyl alcohol, butylparaben 
cetylpyridinium chloride, chlorobutanol, chlorocresol, cresol, dehydroacetic acid, ethyiparaben 
methylparaben, methylparaben sodium, phenol, phenylethyl alcohol, phenylmercuric acetate ' 
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phenylmercuric nitrate, potassium benzoate, potassium sorbate, propylparaben, propylparaben 
sodium, sodium benzoate, sodium dehydroacetate, sodium propionate, sorbicacid, tbimerosal, 
tbymol); Antioxidants (ascorbic acid, acorbyl palmitate, butylated hydroxyanisole, butylated ' 
hydroxytoluene, hypophosphorous acid, monothioglycerol, propyl gallate, sodium formaldehyde 
sulfoxylate, sodium metabisulfite, sodium thiosulfate, sulfur dioxide, tocopherol, tocopherols 
excipient); Buffering agents (acetic acid, ammonium carbonate, ammonium phosphate, boric 
acid, citric acid, lactic acid, phosphoric acid, potassium citrate, potassium metaphosphate, 
potassium phosphate monobasic, sodium acetate, sodium citrate, sodium lactate solution, dibasic 
sodium phosphate, monobasic sodium phosphate); Capsule lubricants (see tablet and capsule 
lubricant); Chelating agents (edetate disodium, ethylenediaminetetraacetic acid and salts, edetic 
acid); Coating agents (sodium carboxymethylcellulose, cellulose acetate, cellulose acetate 
phthalate, ethylcellulose, gelatin, pharmaceutical glaze, hydroxypropyl cellulose, hydroxypropyl 
methylcellulose, hydroxypropyl methylcellulose phthalate, methacrylic acid copolymer, 
methylcellulose, polyethylene glycol, polyvinyl acetate phthalate, shellac, sucrose, titanium 
dioxide, carnauba wax, microcystalline wax, zein); Colorants (caramel, red, yellow, black or 
blends, ferric oxide); Complexing agents (emylenediaminetetraacetic acid and salts (EDTA), 
edetic acid, gentisic acid ethanolmaide, oxyquinoline sulfate); Desiccants (calcium chloride,' 
calcium sulfate, silicon dioxide); Emulsifying and/or solubilizing agents (acacia, cholesterol 
diethanolamine (adjunct), glyceryl monostearate, lanolin alcohols, lecithin, mono- and di- 
glycerides, monoethanolamine (adjunct), oleic acid (adjunct), oleyl alcohol (stabilizer), 
poloxamer, polyoxyethylene 50 stearate, polyoxyl 35 caster oil, polyoxyl 40 hydrogenated castor 
ou, polyoxyl 10 oleyl ether, polyoxyl 20 cetostearyl ether, polyoxyl 40 stearate, polysorbate 20, 
polysorbate 40, polysorbate 60, polysorbate 80, propylene glycol diacetate, propylene glycol 
monostearate, sodium lauryl sulfate, sodium stearate, sorbitan monolaurate, soritan monooleate, 
sorbitan monopalmitate, sorbitan monostearate, stearic acid, trolamine, emulsifying wax); 
Filtering aids (powdered cellulose, purified siliceous earth); Flavors and perfumes (anethole, 
benzaldehyde, ethyl vanillin, menthol, methyl salicylate, monosodium glutamate, orange flower 
oil, peppermint, peppermint oil, peppermint spirit, rose oil, stronger rose water, thymol, tolu 
balsam tincture, vanilla, vanilla tincture, vanillin); Glidants and/or anticaking agents (calcium 
silicate, magnesium silicate, colloidal silicon dioxide, talc); Humectants (glycerin, hexylene 
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^P^e^so**.); ^^U.ro^^^^ { 

S,y ™ in - m ° n °- md di - aM * ted — brides, polyethyfcne ^ propy)cne 
glycol, .nacelta, triethy. citrate); P„ lymere (e .g., ^ ^ 

hymoxyaJMcelloloses, ac^hc polymers and c„p 0lyiners); Solvents ^ 
alcohol, amylene hydrate, benzy! ben20ate , butyl ^ ^ „ ^ 
0.1, cottonseed oi. ( e«h yl acetate, giycertn, hexylene g.yco,, isop^, alcohol , methy , 
methytene chloride, methyl isobuty! ketone, minera. oi., peanut oil, poiyethyleae glyco, 
Propylene carbonate, propyfene gjyco., sesame oil, wa.er for injection, sterile water *, mjecnon 
Sterne water for .rrigauon, purified water); Somen* (powdered celhnose, charcoal, purified ' 
sthceous earth); Camon dioxide sorbents (bartum hydroxide iime> ^ sa 

"~ * -** «W alcohol, ce*. esters wax, hard fa, p^ 

po.yethy.eue excipien, steary, alcohol, emu, si fymg wax, white wax, yeUow wax, Suspending 

^777™*" ' g ™ a,8faic "* *— m — • <— ^ 

punned bentomte, magma bentonite, carbo mCT93 4p, carhoxymemylcelimose cafcium 
carhoxymethylcellulose sodium, carboxymeftyce.lu.ose sodium 12, carrageenan ' 
nncmcryata.Une and carboxymemyiccMose sodium cenuiose, dextrin, gelatin, guar gum 
hydroxyemy. ceftdose, hydroxypropy, cemuose, hydroxypropy, meftykeUmose, magnesium 

propyiene glyco, alginafc, silicon dioxide, coiloida, silicon dioxide, aodimn ajginate, tragacmft, 

ntanmto,. s^charm, ca,c,um saccharin, sodium saccharin, sorbitol, solution ^ ^ 
compressrbU sugar, confecuonefs sugar, syrup); Tab.e. binders (ac^ia, alginie acid, sodium 
carboxymemyMumse, microcystafflne oeUulose, dextrin, efty.celhdose, gelafiu, Hc,uid 
glucose, guar gum, hydroxypmpy, memylcellulose, methyeellulose, polyeftylene oxide 
povrdone, pregelatimsed starch, syrup); Table, and/or capsule di.„ents (calcium carbonate 
dtbastc calcium phosphate, tnbasie calcium phosphate, calcium sulfite, microcrystalhne ' 
cemdose. powdered ceUn,ose, dextrates, dexhin, dextrose excipien,, fiuctose, Kaolin, ,ac,ose. 

sugar), Tab,e drsnuegranft (rngfaic acid, mierocryshUline ce„„ loS e, croscarmenose sodium, 
corspovrdone, polacrilin potassium, aodimn tfarch glycolate, starc h, pregeiafinized stanch)- 
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Table, and/or capsule lubricants (calcium stearate, glyceryl behenate, magnesium steam*, ligh. 
mmeral oil. polyethylene glyeo,, sodium sleaiyl ^ ^ j-fc4 ^ ^ ^ 

hydrogenated vegeuble oil, zinc stearate); Tonicityagent (dextrose, glycerin, mannito! 
potassium cbloride, sodium chloride); Vehicle: flavored and/or sweetened (aromatic elixir 
compound benzaldehyde elixir, iso-alcoholic elixir, peppemun. water, sorbitol solution, syntp 
tolu balsam syrup); Vehicle: oleaginous (almond oil, com oil, cottonseed oil, etbyl oleate 
■sopmpyl myristate, isopropyl palmilate, mineral oil , li6h , mi^, oiI> rayristyl 
oc^dodecanol, olive oil, peanut oil, potato oil, seame oil, soybean oil, soualane); Vehicle: solid 
cm™, (sugar spheres); Vehicle: sterile (bac.erios.auc water for injection, bac.erios.atic sodium 
chlonde injection); Viscosity-increasing suspenjtng agent); Water repelling agen, 
(cyclomethioone, dimethicone, simemicone); and Wetting and/or solubilizing agen. 
(benzalkonium chloride, benzethonium chloride, cetylpyridinium cbloride, docusate sodium 
nonoxynol 9, nonoxynol !0, octoxynol 9, poloxamer, polyoxyl 35 castor oil, polyoxyi 40 
hydrogenateo castor oil, polyoxyl 50 atearate, polyoxyl 1 0 oleyl ettter, polyoxy, 20, catostearyl 
Cher, polyoxyl 40 stearate, po ly so r ba«e 20, potato 40, polysomato 60, polysorbato 80 
sodtum lauryl sulfate, sorbitan monolaureate, sorbite* monooleate, sorbifan monopahnifate 
sorbrtan monostearafe, ryloxapol). This lis, is no. mean, to be exclusive, bu, instead merely 
representor, of me classes of excipiems and me particular excipiems which may be used inora. 
dosage fonns of thepresent invention, 

I00141I In the case of insulin, ora! delivery may have advantages beyond convenience 
acceptance and compliance issues, Insunn absorbed in the gasttohuestinal trac, mimics the 
phystology of insulin secreted by .he pancreas because bom are teleased into me portal vein and 
carried direetty to Ote liver. Absorption into «h. portal circulation maintains a peripheral-portol 
msulm gradient flu. regulates insutin secretion. In ite first passage through the liver, toughly 
60/. of tite msunn is retained and metobolized. .hereby reducing Ute incidence of peripheral 
hyperinsulinemia. a factor in diabetes related systemic complications. A feared and not 
uncommon complication of insulin toeaunen. ami outer oral antidiabetic agent, is hypoglycemia. 

[00142] The present invention relates in par, to a method of .mating human diabetics via the 
chrentc ore, admmisnation of insulin togemer wi«h a drug delivery agen, <ha« enhances .he 
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absorption of insufin (e.g„ from ^ duodmum) such ^ , ^ 
and/or reduction in blood glucose is achieved while effecting a redaction in the systemic blood 
msuhn concentration (serum insulin ,evel) on a chrome basis required to achieve the redaction to 
blood glucose concentration, eg., relative to the serum insulin level required to achieve 
therapeuuc efficacy via subcutaneous injection of insulin. 

[00,43) Whereas traditional subcutaneous insulin dosing ahifts toe point ofenhy of insulin into 
the cremation ftan toe natoral site (toe porta, vein) to toe systemic circulation, toe oral dosing 
-"Odoftoepreeen, invention .hiBs me siteofinsulinenhy back ,„ toe porta, vein. Tbeeffec, 
of tins route of dosing is two fold. First by tergeting toe live directly, a greater control of 
glucose may be achieved. Various stodies have shown fta, hdraportel detivery of insulin can 
>,eld a comparable control of gh^e a . infusion rates lower man those mquhod by peripheral 
admuustiadon. (Stevenson, R. W. et al., Insulin intosion torn toe porta, and peripheral 
cremations of unanaesthethed dogs, Clin Endocrinol (Oxf) 8, 335-47 (1978); Stevenson R W 
a, m., Effect of intraportal and peripheml insulin on glucose turnover and recycling in diabetic ' 
dogs Am 3 Physio, 244, E.90-5 (,983) ; Shishko, P. I. e, a.., L U. Comparison of peripheral and 
portel (v.a toe umbilical vein, routes of insulin intosion in IDDM patients, Diabetes 41, .042-9 
(1992). Because toe insulin will undergo fimt-pass metabolism prior to entering toe systemic 
emulation, a lower senun concentration is achieved. This may. in turn, alleviate any 
detrimental effects of insulin on non-target tissues. 

[00,44) In normal healthy humans, toe physiologic ratio of blood insulin concentration in toe 
porta, vein as eompared to systemic (periphera,) blood insnfin concomration is greater than about 
2:1. to contrast adnunistrauon of insulin to human diabetic patients has been found to ^ Wg 
mho ofporta, vein insmin blood concontration to systemic insulin blood conception to about 
0.75: . By vntue of toe present invention, me ratio of concentration of umnodified insulin in toe 
Porto, emulation to systemic emulation approaches toe normal physiological ratio, e.g from 
about 2:1 to about 6:1. is.uum 

[00145) In some embodiments, toe invention provides a method of treating diabetic v 
oompnsing orally administering an oral insulin treatment comprising a dose of insulin together 
wrto a delivery agen, toa, focihtetes toe absorption of said insulin from toe gastrointestina. tract 
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on a chronic basis to diabetic patients to reduce blood glucose levels in said diabetic patients by a 
desn-ed amount, such that the concentration of insulin circulating in the blood of said diabetic 
patients as a result of said oral insulin treatment is not substantially greater than normal 
physiological levels. 



[00146] In order that this invention may be better understood, the following examples are set 
forth. These examples are for the purpose of illustration only and are not to be construed as 
limiting the scope of the invention in any manner. 



EXAMPLE 1 

Plasma Delivery Agent Design and Efficiency 



[00147] ^livery agents lO were mves^ ^ 
plasma concentration of each delivery agent was measured in human subjects after oral 
administration of delivery agent loaded capsules as a measure of each delivery agent's 
penetration efficiency. See Tables 1 and 2. 

Table 1: Structures of Delivery Agents 1-3 



Delivery Agent 1 (SNAC) 




OH o 






^-^s. .^N. .OH 




O 
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Delivery Agent 3 (4-CNAB) 




OH 



Table 2: Delivery Agent Plasma Concentrations in Humans 



Delivery Agent 


Variables 


Delivery Agent 
Dose (Mg) 


AUC (ng.hr/ml) 


X 


n 


1 (SNAQ 


H 


7 


750 


3499 


2 (SNAD) 


H 


9 


750 


2037 


3 (4-CNAB) 


CI 


3 . 


800 


47478 



100148] Blood sampling for plasma delivery agent concentration determination (2 mL in sodium 
heparin tube) were drawn 15 minutes before dosing, and at 5, 10, 15, 30, and 45 minutes and 1, 
1.5, 2, 3, 4, 6, 8, and 12 hours post-dose (14 samples per treatment) for delivery agent 
measurements in all treatment groups. 

[00149] Two 18-gauge IV lines were situated prior to dosing; one for blood sampling, and the 
other for potential infusion of 20% glucose for subjects in groups 2 and 3. The subjects in group 
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1 only had one cannula inserted. The blood samples were centrifuged at 3000 rpm for a period of 
fifteen minutes at a temperature from about 2°C to 8°C, within one hour of sample collection 
Using a plastic pipette and without disturbing the red cell layer, the plasma from the collection 
tube was pipetted in duplicate for each analysis, blood glucose, Human Insulin, C-peptide, 
delivery agent into pre-labeled polypropylene tubes. The samples were stored at -70 °C until 
analysis. 

[00150] The indicated doses were ingested by healthy human volunteers and the plasma 
concentrations of the delivery agents were monitored over time and the area under the curve 
(AUC) calculated. Surprisingly, as provided in Table 2, oral administration of 800 mg delivery 
agent number 3 with X as chlorine and n equal to 3 alkyl produced an approximately 13.5 fold 
greater penetration of the GI mucosa in humans than did oral administration of 750 mg of 
delivery agent 1 having n equal 7 alkyl. Similarly, oral adininistration of 800 mg of delivery 
agent number 3 produced more than a 23 fold greater penetration of the GI mucosa in humans 
than did oral administration of 750 mg of delivery agent 2 having n equal to 9 alkyl- 

[00151] Similar results were obtained when delivery agents 1-3 were administered orally to 
monkeys and the plasma concentrations of the delivery agents monitored over time and the AUC 
calculated. As provided in Table 3, oral adrninistration of 300 mg of delivery agent number 3 
with X as chlorine and n equal to 3 alkyl produced a more than 11 fold greater penetration of the 
GI mucosa in monkeys than did oral administration of 300 mg of delivery agent 1 having n equal 
to 7 alkyl. See Table 3. Further, 300 mg of delivery agent 3 displayed a more than 6 fold greater 
penetration of the GI mucosa in monkeys than did oral administration of 300 mg of delivery 
agent 2 having n equal to 9 alkyl. See Table 3. 

Table 3: Delivery Agent Plasma Concentrations in Monkeys 



Delivery Agent 




Delivery Agent 


AUC (ng.hr/ml) 




X 


n 


Dose (Mg) 


1 (SNAC) 


H 


7 


300 


45 


2 (SNAD) 


H 


9 


300 


82 j 


3 (4-CNAB) 


CI 


3 


300 


499 
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EXAMPLE 2 

Comparison of th e Delivery Efficiency nf T>eliverv Agents 1.? 

100X52] Next, delivery agents 1-3 were compared for the ability to efficiently transport an active 
agent across the GI mucosa in a biologically active form by determining the relationship between 
delivery agent dose, dose of active agent and the glucose response. See Table 4. The effective 
dose of delivery agent necessary to deliver a therapeutic dose of active agent and produce a 
therapeutic effect was measured. SeeTable4. For delivery agent 3, the active agent was insulin, 
and the therapeutic effect was determined by the ability of the delivery agent/insulin combination 
to lowerserum glucose by at least 10% within one hour post administration. For delivery agents 
1 and 2, the active agent was heparin, and the therapeutic effect was determined by [Emisphere- 
please fill in] 

Table 4; Effective Clinical Dose of Delivery Agent in Humans 



Delivery Agent 



1 (SNAC) 

2 (SNAD) 



H 
H 



N 
~7~ 



Delivery Agent 
Dose (Mg) 



2400 



1500 



3 (4-CNAB) 



CI 



200 



100153] Again, as shown in Table 4, delivery agent 3 with X as chlorine and n equal to 3 alkyl 
was approximately 12 fold more efficient in facilitating insulin transit across the GImucosa in a 
biologically active form than was delivery agent 1 havingn equal to 7 alkyl. Similarly, delivery 
agent no.3was7.5 fold more efficient in facilitating transport of insulin across the GImucosa in 
a biologically active form than was delivery agent 2 having n equal to 9 alkyl. See Table 4. 

[00154] Most importantly, only delivery agent 3 is efficient enough at facilitating transport of 
b.ologicallyactive insulin to allow packaging ofa therapeutically effective dose of insulin plus 
delivery agent into a single capsule. 



40 



6' W3G*5M5 i -Oi'TOii 
817.1013P2 

EXAMPLE 3 

Preparation of the Deli very A^ nt 4.n»J4p 

[00155] The compound corresponding to the following structure maybe prepared as described 
below: 



OH 




[00156] 4-ChlorosalicyUc acid (lO.Og, 0.0579 mol) was added to a one-neck 250 ml round- 
bottomed flask containing about 50 ml methylene chloride. Stirring was begun and continued for 
the remamder of the reaction. The coupling agent 1,1-carbonyldiimidazole (9.39* 0.0579 mol) 
was added as a solid in portions to the flask. The reaction was stirred at room temperature for 
approximately 20 minutes after all of the coupling agent had been added and then ethyl-4- 
aminobutyrate hydrochloride (9.7 g , 0.0579 mol) was added to the flask with stirring Next 
tnethylamine (1 0.49 ml, 0.0752 mol) was added dropwise from an addition funnel. The addition 
runnel was rinsed with methylene chloride. The reaction was allowed to stir at room temperature 
overnight. 

[00157] The reaction was poured into a separatory funnel and washed with 2N HC1 and an 
emulsion formed. The emulsion was left standing for two days and was then filtered through 
cehte m a fritted glass funnel. The filtrate was put back in a separatory funnel to separate the 
layers. The organic layer was dried over sodium sulfate, which was then filtered off and the 
filtrate concentrated by rotary evaporation. The resulting solid material was hydrolyzed with 2N 
NaOH, stored overnight under refrigeration, and then hydrolyzing resumed. The solution was 
acidified with 2N HC1 and the solids that formed were isolated, dried under vacuum and 
recrystallized twice using methanol/water. Solids precipitated out overnight and were isolated 
and dried. The solids were dissolved in 2NNaOH and the pH of the sample was brought to pH 5 
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with2NHCI. ^esolidswerecollectedandHPLCrevealedasinglepeak. TW solids were 
then recrystallized in methanol/water, isolated, and then dried under vacuum, yielding 4 96g 
(33.0O/O) of 4-(4 chloro-Z-hydroxybenzo^aminobutyric acid, (C n H 12 ClN0 4 ; Molecular weight 
257.67). Ameltingpointof 131-133 °C was determined. Combustion analysis revealed the 
following content: %C: 51.27(calc), 51.27 (found); %H: 4.69 (calc), 4.55 (found); o /oN: 5 .44 
(calc), 5.30 (found). Proton H NMR Analysis revealed: (^-DMSO): d 13.0, s, 1H (COOH)- d 
12.1, s, lH(OH);d8.9,t, 1H (MS); d 7.86, d, 1H (H ortho to amide); d 6.98, d, 1H (H ortho to 
Phenol OH);d6.96,d,lH,(Hmetatoamid e );d3.33,m,2H(CH 2 adj a centtoNH);d2.28 t 2H 
(CH 2 adjacent to COOH); d 1.80, m, 2H (aliphatic CH 2 beta to NH and CH 2 beta to COOnj. ' 

4-CNAB Preparation for Human StiiH.Vc 

(00158) 4-CNAB for the human dosings CMonosodium N-(4.hl„ r o S al i c yl „ y0 -4-a m i„o-bu^e) 
was made under good manufacturing pIactices {GMp) fcy ^ ^ 

(Morton Gn»va, IL) according to «he methods of International Publication No. WO 00/461 82 
except that the starting material 4-chIorosahcyhe acid (purchased iron, lhara Chemical Industry 
Co hre, Ltd., Tokyo, Japan and A^in Chemicals Ltd., Oxfordshire, UK) was used and converted 
to the amide via a methyl ester using 0. 14 equivalents suimric acid in methanol and then about 4 
equivalents ammonia in methanol. The alkylating agent used was ethyl-^romobutyrate. 

[00159) The monosodium satt of 4-CNAB was made according to the Mowing meurod on a 40 
ktlogram scale. 4-CNAB ^ M 0<x & , M ^ ^ = ^ ^ ^ ^ ^ 

neck round bottom flask. The flask was equipped with an overhead steer, a thernxxxmpte 
temperatore read out, a reflux condenser and a hearing mantle, and was placed nnder nitregen 
Reagent grade acetone (13 L) was added to the reactor and the mixture was agitated The 
4^NAB/acetone mixture was heated to 50- C to dissolve any solids. A hazy brown solution 
was achieved. 

(00160, The 50- C solution was pumped through a warm pressure filter (dressed with Whatman 
filter paper, ~5 mierens, 1 8.5 sq. in. area) into a clean 22 L reactor to remove sodium chloride 
and other utso.ub.es. The pressure dropped across the filter to abou, 20 psig a. the end of 
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filtration. The reactor containing the clear yellow filtrate was agitated and heated. At50°Cthe 
reactor was removed from heat. 

[00J61) The clear filtrate was charged with 50% sodium hydroxide solution (155 g, 1 94 mol) aa 
rapnUy aa poaaible, white maintaining a vigorous agitation. (An overcharge will result in ,h. 
undesirable formauon insoluMe diaodium aafts. A angh, undercharge is preferable because me 
free acid is removed during me fina. nidation «ep.) The reaction mixture exofoermed fo 

|00 16 2] After me base addition was competed and me temperature leveled, the aomrion became 
cloudy and increased in viscosity. Tbe reaction waa refluxed for 2 houra a, 60" C, white agitamrg 
vigorously. The reaction mixture continued to thicken, fotming solid chunks. The ahury became 
ugh, pmk and foamed. The reactor contents were cooled .o ambient temperature over 3 to 4 
hour, Theambien„e m peramre„a s heldfor 3 Omi„u«ea. He precipitated solids were isolated 
onafiftermnne!. Theiaolated product waa no. washed. Tbe reaulring 4-CNAB monoaodium 

W n^ST ^ 8t 40 10 C ^ 16 to M ^ 10 *" 490 0 75 «* 90% 

[00163] The inaulin for me subcutaneous injection waa HUMULIN* R injection inauun from Eli 
Lilly and Company (Indianapolis, IN). 

I0O164J All capaulea contenting 200 mg 4-CNAB and 150 inaulm umta USP were prepared aa 
follows. Firs, the tota, amount of delivery agent material necessary for filling foe deuvery agen, 
alone capautea and foe delivery agen, plua inaulin composition capsules waa prepared by 
weighingSloOgof 4-CNAB. The 3160 g 4-CNAB waa then milled in a Quadro comil, note, 
IWnm with acreen number 2A 050 G 037 19 136 (1 270 micron). Nex,, !029 g of foe miUed 
4-CNAB waa passed forough a #35 meah acreen. Then, foe pasa forough screened materia! waa 
hnnsferred info a 4 quar, ahell and Wended using for example, a V blender, a, 25 rpm for .0 2 
mmutea. The resultant blended material was used to fill capaulea. In this caae, a Fas, Cap 
Capaute Finer waa uaed wifo a size 3 Faa, Cap Encapsniauon hay. The empty capaulea weighed 
appmxtmately 48 mg each and were lilted with an average fill weigh, of 205.6 mg of 4-CNAB 
alone. Thus, foe doae of foe delivery agen, alone capaulea waa 205.6 mg. 
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[00165J The insulin compositions were prepared by first dispensing 31.8 g of recombinant 
human zinc crystalline insulin (Potency 26.18 Units per mg) (proinsulin derived (recombinant 
DNA origin) USP quality) from Eh Lilly and Company (Indianapolis, IN) into an appropriately 
sized plastic bag. Next, sequential 30 g additions of the milled and screened 4-CNAB were 
added to the bag until approximately 510 g had been added. The bag was thoroughly mixed after 
each 30 g addition of 4-CNAB by shaking and inversion. In order to add and mix the next 532.5 
g of 4-CNAB, the 541.8 g mixture of insulin and 4-CNAB was transferred to a V blender and 
mixed again at 25 rpm for 10.2 minutes. Next, the remaining 4-CNAB was added to the blender 
and the entire mixture was mixed in the blender at 25 rpm for 10.2 minutes. Finally, the 
resulting composition was dispensed as described above into empty capsules. The final capsules 
contained an average of 5.7 mg insulin (equivalent to 150 units insulin) and 200.5 mg of 4- 
CNAB or a ratio of 1 :57.3, insulin: 4-CNAB. Multiple samples of the final blend were run on 
HPLC to verify uniformity and were found to be uniform. 

EXAMPLE 4 

Previous Non-clinical Studies with 4-fTMAB and Tns.i1mAL.rxT a p 

T00166] The present invention comprising compositions of insulin and the delivery agent 4- 
CNAB was evaluated for safety and toxicity in a nonclinical program that included 
pharmacological screening, pharmacokinetic profiling, and toxicity assessments in rats and 
monkeys. In general, animal physiological responses to 4-CNAB alone and to Insulin/4-CNAB 
were comparable. Pharmacokinetic studies in mice, rats and monkeys have shown that 4-CNAB 
is absorbed rapidly following oral administration, and subsequently cleared from the body. 4- 
CNAB did not demonstrate potential activity in any of the primary molecular targets evaluated 
receptor binding screening assays. Four genotoxicity studies have been conducted with 4- 
CNAB, with no positive findings. Based on 14-day oral repeated dose toxicity studies the 
NOAEL (No-Adverse Effect Level) was estimated to be 500 mg/kg in Sprague-Dawiey rats, and 
400 mg/kg in rhesus monkeys. 

[00167] In toxicology studies, 4-CNAB doses from 400 mg to 2000 mg were evaluated. 
Following 14-day oral repeated dose toxicity studies in rats and monkeys, the estimated No 



in 
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Adverse Effect Level (NOAEL) for 4-CNAB was 500 mg/kg in Sprague-Dawley rats and 400 
,mg/kg m rhesus monkeys; therefore, the monkey appeared to be the most sensitive species The 
highest proposed dose of 2000 mg 4-CNAB in man (<30 mg/kg) is 12-16 fold lower than the 
NOAEL m monkeys (i.e., NOAEL = 400 mg/kg 4-CNAB alone and in combination with 15 U/kg 
insulin). The absolute bioavailability of insulin in monkeys was about 1% or less. In the 
toxicology studies, there were no findings in rats attributed to insulin at an oral dose level of 1 5 
U/kg m combination with 4-CNAB doses as high as 2000 mg/kg. M monkeys, an insulin dose of 
1 5 U/kg was associated with a single hypoglycemic episode in combination with a 4-CNAB dose 
of 1200 mg/kg in one monkey; there were no effects at 15 U/kg insulin in combination with 
lower doses. 

[00168) Non-clinical studies in rats and moneys demonstrated that, over the range tested 
msuhn absorption inereases with inereasing doses of 4-CNAB. Similarly, for a fixed oral dose of 
4-CNAB, tnsulm absorption inereases with increasing doses of insulitt. Oral insulin absotption 
was evaluated in rate at varying doses of both ir.su.in and 4-CNAB. Signifioan, increases in 
sentm msuUn concentrations were observed Mowing the adtninistnttion of insuHn at doses of 
4.55, 6.5, 9.75, and 13 Unite/kg in the presence of a fixed 4-CNAB dose (200 mg/kg). The mean 
peak serum insulin levels were 31, 44. 85, and 132 ^U/mL re spec«ivel y . Insulin absotption was 
dose dependent and increased as the dose of insulin increased. Oral administration of aqueous 
solutions of insutin alone (!3 Unite/kg) or 4-CNAB alone (200 mg/kg) did no. result in any 
stgntficant increases in serum insulin levels. Significant increases in serum insulin 
concentrations were abo observed following the administeation of 4-CNAB a. doses of 50 100 
200. and 300 mg/kg in the presence of a fixed insutin dose (13 Unite/kg). The mean peak serum 
msulin levels were 9, 39, 103, and 1 57 jtU/mL, respectively, httulin absotption was dose 
dependent and increased as the dose of 4-CNAB increased. 

r00169J Based on the above nonclimcal infotmation, the starting msulin <tose of !50 insulin 
Untts USP (which is about 7-fold !ower than me ,5 U/kg no effect dose in monkey) was selected. 
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EXAMPLE 5 

[00170] In this example, the oral insulin capsule(s) described herein were orally administered to 
twenty human subjects with diabetes at night before going to sleep. 

[00171] The rationale for nighttime administration is as follows. The clinical studies reported 
herein with oral insulin in type 2 diabetic patients demonstrated a hypoglycemic effect of short 
duration. This probably indicates that the half-life of systemic circulating insulin provided by oral 
insulin is short to affect peripheral glucose disposal. It was hypothesized that orally administered 
msuhn as set forth herein may however have a more profound effect on hepatic glucose 
production due to portal delivery. Hepatic glucose production is responsible for the fasting blood 
glucose levels. It was therefore proposed to study the effect of bedtime oral insulin on hepatic 
glucose production and hence FBG (free blood glucose). 

[00172] In accordance with the above, this example reports the results of an open-label, single- 
dose, crossover study comparing the safety of orally administered 4-CNAB/InsuIin formulation 
with that of subcutaneously injected insulin in two groups of subjects with type 2 diabetes 
mellitus - one in the fasting state and one with a standard meal. 

[00173] Twenty human subjects (patients) with elevated fasting blood glucose levels (type 2 
diabetes) participated in the study. These subject, took an oral insulin capsule(s) at night before 
gomg to sleep. The trial took place at the home of the subject under the supervision of a bedside 
private duty nurse. The rationale to conduct the trial at the patient own environment was based on 
the fact that glucose homeostasis is best reflected when conducted in a familiar environment and 
changes significantly with hospitalization. 

[00174] Fasting blood glucose, insulin and C-peptide levels were measured at 7:00 a.m for three 
days to establish baseline levels. On two successive nights and mornings before taking the 
capsule, the subjects measured their glucose levels with a glucometer (supplied). If the subject's 
glucose levels were >120 mg/dl on the first two mornings (fasting), on the 3* night, the subject 
took the insulin capsule(s). If on the first two successive mornings the patient's fasting blood 
glucose was not greater than 120 mg/dl, then the patient was dismissed from the study and all 
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final study procedures were performed as per the protocol. The subjects ate their regular dinner at 
home, as every evening, between the hours of 7:00 and 8:00 P.M. If the subjects usually took 
medication for the diabetes (metformin or acarbose) in the evening, they took their usual dose. 

I. 

[00175] At 11:00p.m. the subjects took two oral insulin capsules that contain the following 
ingredients: 200 mg 4-CNAB and 150 U insulin/capsule. Combined, the two oral insulin 
capsules deliver 400 mg 4-CNAB and 300 Unit of insulin to the gastrointestinal tract of the 
subjects. The capsules were prepared by AAI and have shown stability. A nurse was present at 
the home of the subjects when they took the oral insulin capsules and throughout the night. The 
nurse checked the blood glucose level with a glucometer before the subjects took the medication. 
In addition, blood was taken for further blood glucose levels, insulin and C-peptide. Orange 
juice was readily available for treatment in the unlikely event of hypoglycemia. During sleep the 
subjects wore a Glucowatch (which is a monitor of blood glucose and measures and records 
blood glucose levels at regular intervals). The Glucowatch is equipped with an alarm triggered 
when blood glucose levels reach predetermined blood glucose levels (hypoglycemic levels) 
determined by the investigator or patient. The bedside private duty nurse was also present during 
the night to monitor the patient. In the morning, when the subjects woke up (e.g., at 7:00 a.m.), 
the nurse checked their blood glucose level with the glucometer. Additional blood samples were 
taken for further blood glucose levels, insulin and C-peptide. The blood samples from the night 
before were stored in the refrigerator at home and in the morning the nurse brought the samples 
of blood (from the night and the morning) to the lab for analysis. 

[00176] The results of the study reported as the example herein (fasting blood glucose, insulin 
and C-peptide measured at approximately 7:00 a.m. and compared to the patient's own baseline 
levels) are set forth in Figures 1-4. The results are reported by patient with numeric values in 
Figure 1, and are graphically represented in Figures 2-4. 

[00177] As shown in Figure 2 (effect on blood glucose), there was no statistically significant 
difference between the baseline blood glucose levels and the blood glucose levels in the patients 
after administration of the nighttime oral insulin capsules. 

[00178] On the other hand, in all patients, a statistically significant reduction in C-peptide and 
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insulin was detected in the morning (while the glucose levels were unchanged). These results are 
graphically depicted in Figures 3 and 4, respectively. 

[00179] The interpretation of these results is that a "boost" of exogenous insulin at nighttime 
allows the patients' beta cells to rest and produce less insulin to achieve the same glycemic level. 
The suggested clinical implication is that if such treatment were to be given (bed time oral 
insulin) alone, it is likely to spare beta cell function as these cell become dysfuctional or die from 
exhaustion. This significance is supported by several reported studies which have shown that by 
intervening "aggressively" with insulin at early stages of the disease (such as IGT or "impaired 
glucose tolerance" stage), by giving insulin even for a short time such as two week duration, that 
this "rest" to the cells may provide for long term protection to develop overt diabetes. 

[001801 It was further seen in this study that none of the patients had a clinically significant 
hypoglycemic episode, despite that the insulin was administered to the patients in the fasting 
state and with continued fasting. This result supports the conclusion that the adininistration of 
oral insulin formulations as described herein will be safe in terms of hypoglycemia. 



[00181] In the preceding specification, the invention has been described with reference to 
specific exemplary embodiments and examples thereof. It will, however, be evident that various 
modifications and changes may be made thereto without departing from the broader spirit and 
scope of the invention as set forth in the claims that follow. The specification and drawings are 
accordingly to be regarded in an illustrative manner rather than a restrictive sense. 

[00182] While we have hereinbefore described a number of embodiments of this invention, it is 
apparent that our basic constructions can be altered to provide other embodiments which utilize 
the processes and compositions of this invention. Therefore, it will be appreciated that the scope 
of this invention is to be defined by the claims appended hereto rather than by the specific 
embodiments which have been presented hereinbefore by way of example. 
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WHAT IS CLAIMED jgj 

1 • A method for prophylactically sparing beta cell function in a mammal which has impaired 
glucose tolerance or early stage diabetes mellitus, comprising administering an orally effective 
dose of a pharmaceutical formulation comprising insulin at nighttime. 

2. A method for preventing beta cell death or dysfunction in a mammal which has impaired 
glucose tolerance or early stage diabetes mellitus, comprising administering an orally effective 
dose of a pharmaceutical formulation comprising insulin at nighttir 



:ime. 



3. A method for long term protection of a mammal which has impaired glucose tolerance or 
early stage diabetes mellitus from developing overt diabetes, comprising administering an orally 
effective dose of a pharmaceutical formulation comprising insulin at nighttime. 

4. A method for delaying the onset of overt diabetes in a mammal which has impaired 
glucose tolerance or early stage diabetes mellitus, comprising administering an orally effective 
dose of a pharmaceutical formulation comprising insulin at nighttime. 

5. The methods of claims 1, 2, 3 or 4, wherein the mammal is a human. 

6. The methods of claims 1, 2, 3, 4 or 5, wherein the oral pharmaceutical formulation of 
insulin is administered at bedtime. 

7. ™ eme *°dofclaimsl,2,3,^ 
administered on a chronic basis. 

8. The method of claims 1 , 2, 3, 4, 5 or 6, wherein the oral pharmaceutical formulation is 
administered nightly for at least two weeks. 

9. The method of claim 5, which provides a lowering of insulin of at least about 20%. 
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10. The method of claim 5, which achieves a therapeutically effective reduction in blood 
glucose after oral administration to a human diabetic patient, and which provides a ratio of portal 
vein to peripheral blood insulin concentration from about 2.5:1 to about 6:1. 

11. The method of claim 5, wherein the oral dosage form of claim 3, wherein said dosage 
form is solid. 

12. The method of any of the foregoing claims, wherein the dose of insulin contained in the 
dosage form is from about 50 Units to about 600 Units (from about 2 to about 23mg). 



13. The method of any of the foregoing claims, wherein the dose of unmodified insulin 
from about 100 Units (3.8 mg) to about 400 Units (15.3 mg) insulin. 



is 



14. The method of any of the foregoing claims, wherein the dose of unmodified insulin is 
from about 150 Units (5.75 mg) to about 300 Units (11.5 mg). 

15. The method of any of the foregoing claims, wherein the dosage form(s) begin delivering 
insulin into the portal circulation (via absorption through the mucosa of the stomach) to achieve 
peak levels within about 30 minutes or less. 
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ABSTRACT OF THE DISCLOSURE 



A method for long-ten* protection of a mammal which has impaired glucose tolerance a 
early stage diabetes mellitus from developing overt diabetes, comprising administering an orally 
effects dose of a pharmaceutical formulation comprising insulin at nighttime, is disclosed. 
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